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Abstrat. We investigate the properties of qq and qq¯ states in hot and dense
quark matter in the framework of light-front nite temperature eld theory.
Presently we use the Nambu Jona-Lasinio model of QCD and derive the gap
equation at nite temperature and density. We study pioni and salar diquark
dynamis in quark matter and alulate the masses and the Mott dissoiation
as a funtion of the temperature T and the hemial potential µ. For the salar
diquark we determine the ritial temperature of olor superondutivity.
1 In-medium gap equation in NJL
Relativisti heavy ion ollisions open the possibility to study quantum hromody-
namis (QCD) at nite temperature T and density or hemial potential µ. This
is neessary to understand the evolution of the early universe and the interior
of neutron stars. A way suited to desribe the QCD phases is using light-front
quantization. Previously we have used a spinless zero-range interation. Here we
use the light-front form [1℄ of the Nambu Jona-Lasinio (NJL) model that shows
hiral symmetry breaking and alulate several phase boundaries inluding the
hiral symmetry restoration. The NJL Lagrangian for the two avor ase reads
LNJL = ψ¯(iγµ∂
µ −m0)ψ +G
(
(ψ¯ψ)2 + (ψ¯iγ5τψ)
2
)
. (1)
An extensive disussion on the NJL model, the hiral symmetry breaking, and
the properties of light mesons at nite temperatures and hemial potential in
the instant form an be found in Ref. [2℄.
On the light-front the in-medium quark propagator [3℄ is given as
G(k) = (γµk
µ
on +m)
{
1− f+(k+,k⊥)
k2 −m2 + iε
+
f+(k+,k⊥)
k2 −m2 − iε
}
(2)
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2 Restoration of 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eld theory
where k2on = m
2
denotes the on-shell 4-momentum. The Fermi funtions for a
quark (f+) or antiquark (f−) are
f±(k+,k⊥) =
[
exp
{
1
T
(
1
2
k−on +
1
2
k+ ∓ µ
)}
+ 1
]−1
. (3)
For the generalization of the gap equation to nite T and µ it is most onvenient
to use the Dyson equation for the quark propagator and ompute the self energy
in Hartree approximation using (2). This leads to the in-medium gap equation
m(T, µ) = m0 + 24G
∞∫
0
dk+
k+(2pi)3
∫
R2
d2k⊥m(1− f
+(k+,k⊥)− f
−(k+,k⊥)). (4)
We introdue the Lepage-Brodsky (LB) ut-o sheme to regulate the diver-
genes in (4) and in the following.
2 Two-body states
The two-body bound states are investigated within the Bethe-Salpeter approah.
We are using the following T -matrix equation [4℄
T (k) = K +
∫
d4q
(2pi)4
KSF (q + k/2)SF (q − k/2)T (k), (5)
where K is an appropriate interation kernel and SF (q) the dressed quark prop-
agator. Bound states of mass M are identied with poles of the T -matrix T (k)
on the mass-shell k2 =M2.
2.1 Pion
The interation in the pseudosalar hannel is given by
Kαβ,γδ = −2iG(γ5τi)αβ(γ5τi)γδ . (6)
One introdues a redued T -Matrix tpi(k)
T (k)αβγδ = (γ5τi)αβtpi(k)(γ5τi)γδ . (7)
Inserting the denition (7) into (5) the solution for tpi(k) is obtained
tpi(k) =
−2iG
1 + 2GΠpi(k2)
(8)
with Πpi(k
2) evaluated using (2) for SF (k)
Πpi(k
2) = −6
∫
LB
dxd2q⊥
x(1− x)(2pi)3
M220(x, q⊥) (1− f
+(M20)− f
−(M20))
M220(x, q⊥)− k
2
. (9)
where M220(x, q⊥) = (q
2
⊥
+m2)/x(1 − x). For given T and µ one determines the
value of k2 to fulll the pole ondition 1 + 2GΠpi(m
2
pi) = 0. The results for the
pion mass mpi are presented in Fig. 1.A.
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Figure 1. (A) The pion mass as a funtion of T for dierent µ. (B) The diquark mass as a
funtion of T for dierent µ. The ontinuum is given by 2m. The lines of the two-body masses
end at the Mott dissoiation points.
2.2 Diquark
For the salar, isospin singulet, olor-antitriplet diquark the interation kernel is
Kαβ,γδ = 2iGs(γ5Cτ2λ
a)αβ(C
−1γ5τ2λ
a)γδ (10)
with olor index a = 2, 5, 7 and C = iγ2γ0.
Following Ref. [4℄ one an onstrut the interation in the diquark hannel by
a Fierz transformation of the NJL Lagrangian (1). We treat the oupling onstant
GS as a free parameter to get a reasonably high diquark mass for T = µ = 0.
The solution of the T -matrix equation (5) with the kernel (10) is
T (k) = (γ5Cτ2λ
a)αβτs(k)(C
−1γ5τ2λ
a)γδ (11)
with
τs(k) =
2iGs
1 + 2GsΠs(k2)
(12)
and
Πs(k
2) = −6
∫
LB
dxd2q⊥
x(1− x)(2pi)3
M220(x, q⊥) (1− 2f
+(M20))
M220(x, q⊥)− k
2
. (13)
Results for the medium dependene of the diquark massmd are shown in Fig. 1.B.
3 Color superondutivity
Beause of the attrative interation between quarks one expets, by Cooper's
theorem, a olor superonduting phase (CSC) to be present for old, dense quark
matter. The ritial temperature of CSC an be determined via the Thouless
riterion that desribes the ondensation of the bosoni diquarks, viz.
md(T, µ) = 2µ. (14)
Inserting relation (14) the pole ondition 1 + 2GSΠs(m
2
d) = 0 for the diquarks
beomes
1
2Gs
= 6
∫
LB
dx
x(1− x)
∫
LB
d2q⊥
(2pi)3
M220(x, q⊥) (1− 2f
+(M20))
M220(x, q⊥)− 4µ
2
. (15)
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Figure 2. The phase diagram in the NJL
model. The solid line shows the hiral
phase transition. The transition between
the deonned and the CSC phase is given
by the dotted line. And the dashed line is
the Mott dissoiation line of the pion.
Sine (15) relates the ritial temperature and hemial potential for CSC
one an ompute the phase transition from deonned to olor superonduting
quark matter. The result is given in Fig. 2.
4 Conlusion
We have shown that the well known features of the NJL model (hiral phase
transition, diquarks, pion dissoiation, superondutivity) are reovered in a light-
front quantization of statistial physis. This new approah to nite temperature
eld theory seems to work quite well. Despite all the hallenges that might our,
when applied to real QCD, this opens a new perspetive to explore QCD at nite
temperatures and in partiular at larger densities (µ > T ), where lattie QCD is
faing severe tehnial problems.
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